INTRODUCTION
The 12-month period prevalence rates for psychiatric disorders in the United States have been recently estimated as high as 26%. 1 Prior studies demonstrate that patients with psychiatric illnesses have lower long-term survival, 2 higher rates of various medical comorbidities, 3 and worse short-term outcomes after Surgery. 4 Additional research has found adverse long-term risks in patients with acute coronary syndromes, who also have with depression. 5, 6 Such patients may also be at risk for lower quality of care 7 and may be less likely to undergo coronary revascularization after acute myocardial infarction. [8] [9] [10] Much of the prior research on the impact of psychiatric comorbidities on outcomes of hospitalization has relied on secondary data sources, including administrative data. 1, 3, 4, 7, 11 These studies have used several approaches for identifying patients with psychiatric comorbidities, such as secondary diagnosis codes from inpatient hospitalizations and diagnosis codes from ambulatory encounters. However, no studies have compared these approaches for identifying psychiatric comorbidities or how these approaches may impact associations between the comorbidities and outcomes of hospital care.
To address these limitations, we conducted a study of patients admitted to VA hospitals for treatment of 2 common conditionspneumonia and congestive heart failure (CHF). We capitalized on the rich infrastructure of VA databases available for analysis, including inpatient and outpatient encounter data and laboratory data, and identified patients with psychiatric comorbidity using 3 distinct approaches. This study specifically sought to understand how the different approaches affected rates of identification of psychiatric illness and associations between psychiatric comorbidity and hospital mortality.
METHODS

Data Sources
Data for the study was drawn from 3 VA databases: (1) the patient treatment file (PTF), (2) the outpatient care files, and (3) the decision support system (DSS) laboratory files. The PTFs contain data on all VA hospitalizations. Data elements include: demographic and socioeconomic information, presence of a disability related to military service, primary and secondary diagnoses and procedures, as defined by International Classification of Diseases, ninth Clinical Modification (ICD-9-CM) codes, admission source (e.g., transfer from outside facility, emergency department), admission and discharge dates, and disposition at discharge. The outpatient care files include claim information for all outpatient encounters. Data elements include: dates of visits, type of clinic (e.g., primary care, mental health), and associated ICD-9-CM codes. The DSS laboratory files contain the results of selected laboratory tests for all patient encounters. Unique identifiers allowed merging of patient-level information across the databases.
Patient Population
The PTF was used to identify 43,305 consecutive admissions with a principle diagnosis of CHF (ICD-9-CM 428; n=21,794) or pneumonia (ICD-9-CM 480-487; n=21,511) to 168 VHA facilities during fiscal year 2004 (October 1, 2003 to September 30, 2004 ). For patients with more than 1 hospitalization, we randomly selected a single admission for analysis and excluded 4,849 admissions for CHF and 2,226 pneumonia admissions that represented repeat admissions. We then excluded patients without any VA outpatient visits during months 24-36 before admission (n=1,799 for CHF and n=2,358 for pneumonia), leaving the final study samples of 16,927 pneumonia patients and 15,146 CHF patients. This ensured that each patient was eligible for VA care during the 2 years before admission.
Study Variables
The primary endpoint was in-hospital death. The primary independent variable was the presence of a psychiatric comorbidity, which was defined using 3 different approaches: (1) ICD-9-CM codes recorded as secondary diagnosis codes from the index hospitalization, (2) ICD-9-CM codes captured on 1 or more outpatient encounters to primary care or other clinics during the 2 years preceding admission, and (3) 1 or more visits to a mental health clinic (e.g., psychiatry, psychology) during the 2 years preceding admission, without regard to the diagnoses recorded during these visits. We chose these 3 approaches as each has been used by prior investigators. For the first 2 approaches, diagnosis codes identified patients with 5 major categories of psychiatric illness: (1) depressive disorders (ICD-9-CM 296.20-36, 311, 300.4), (2) anxiety disorders (ICD-9-CM 300.00-02, 293.84, 309.28, 309.21-23), (3) posttraumatic stress disorder (PTSD; ICD-9-CM 309.81), (4) bipolar disorders (296.0-19, 296.37-89), and (5) psychotic disorders, including schizophrenia and schizoaffective disorders (ICD-9-CM 295). The 5 categories were not mutually exclusive.
Other variables used to describe the study population and adjust for differences in risk included: age, race (categorized as white, black, Hispanic, or missing), gender, admission source, comorbid medical conditions, as defined using the diagnostic algorithms of Elixhauser, 12 
Data Analysis
The analysis involved several steps. First, we assessed the agreement between the 3 methods of identifying psychiatric illness using the kappa statistic. Kappa statistics for each possible pairwise comparison of methods were determined. Second, we compared patient characteristics and unadjusted in-hospital mortality rates in patients with and without psychiatric comorbidity, as identified by each of the 3 methods, using chi-square and t tests. Third, we identified demographic and clinical characteristics that were independently associated (P<.05) with mortality for pneumonia and CHF using stepwise logistic regression. Continuous variables (e.g., age, laboratory severity score) were examined as continuous variables, as quadratic functions, and as a series of indicator variables. The form of the variable that maximized model discrimination, as measured by the c statistic, 14 and model calibration, as measured by the Hosmer-Lemeshow (HL) statistic, was retained in the final model. In the models, missing laboratory severity scores were analyzed as an indicator variable. c statistics of the models for CHF and pneumonia were 0.782 and 0.781, respectively. HL statistics were nonsignificant (chi-square=6.0 [P=.64, 10 df] for CHF and 7.3 [P=.51, 10 df] for pneumonia). These models were then used to generate a predicted probability of death for each patient.
Finally, we determined the relationships between the presence of psychiatric comorbidity and in-hospital mortality using generalized estimating equations (GEEs) with an exchangeable working correlation matrix. The GEE models included the logit of the predicted probability of death for each patient, based on the risk-adjustment models, and indicator variables for the presence of a psychiatric illness and accounted for clustering of patients within individual hospitals. Separate GEE analyses were conducted for each of the 3 methods of identifying psychiatric comorbidity. The adjusted odds of death associated with the presence of a psychiatric illness were estimated by taking the exponent of the regression coefficients for each of the indicator variables. Additional GEE analyses were conducted that included separate indicator variables for the 5 individual categories of psychiatric comorbidity. All analyses were performed using SAS statistical software version 9.1 (Cary, NC). The study was approved by the both the University of Iowa Institutional Review Board and the Research and Development Committee at the Iowa City VA Medical Center.
RESULTS
Demographic and clinical characteristics of study patients are shown in Table 1 . For the 2 conditions in aggregate, patients had a mean age of 70.4 years, and 98% were male. Sixty-one percent of patients were white and 16% were black; race was missing in 22%. Psychiatric comorbidities were identified in 12% (n=3,760) of patients using inpatient secondary diagnosis codes, 32% of patients (n=10,252) using prior outpatient diagnoses, and 31% of patients (n=9,876) using prior mental health clinic visits. Rates of identifying individual psychiatric conditions were also higher using outpatient codes than inpatient codes for each of the 5 conditions (Fig. 1) .
Individuals with psychiatric comorbidity tended to be younger, have lower laboratory severity scores, and have lower predicted probabilities of death for all 3 methods (Table 2) . Agreement between the 3 methods was highest for outpatient diagnosis and mental health visits; the kappa statistics of 0.51 (P<.001) for pneumonia and 0.50 for CHF (P<.001) indicated moderate agreement. 15 Overall, 6.9% of patients died during the admission; mortality was higher for pneumonia than for CHF (9.2% versus 4.3%; P<.001). Unadjusted mortality rates were lower (P<.05) for individuals with psychiatric comorbidities for each of the 3 methods, although magnitudes of the differences tended to be highest for inpatient diagnosis and mental health visits (Table 3 ). In GEE analyses controlling for demographic and clinical confounders, the adjusted odds of death remained lower for patients with psychiatric comorbidity, as identified by mental health visits for both pneumonia and CHF, and as identified by inpatient secondary diagnosis codes for pneumo- Figure 1 . Adjusted odds of death of patients for individual psychiatric conditions as identified by inpatient or prior outpatient diagnosis codes.
nia (Table 3 ). The adjusted odds of death were similar for patients with psychiatric comorbidity, as identified by prior outpatient codes.
To gain further insight into the differences in mortality between outpatient diagnosis codes and mental health clinic visits, we assessed the odds of death in patients who were identified as having psychiatric comorbidities by both methods, by 1 of the methods, but not the other, and by neither method (Table 4 ). These analyses found that the lowest risks of death for both pneumonia and CHF were observed in patients seen in mental health clinics but whose mental health visits was not associated with diagnosis codes for depression, PTSD, anxiety, psychosis, or bipolar disorder. In addition, among patients with 1 of these 5 diagnoses, adjusted odds of death were lower in patients seen in mental health clinics than in patients not seen in mental health clinics.
DISCUSSION
The current study applied 3 previously used methodological approaches for identifying psychiatric comorbidity and examined the impact of these different methods on hospital mortality for 2 of the most common causes of hospitalization-CHF and pneumonia. We emphasize the following 3 findings. First, rates of psychiatric comorbidity varied according to the method used to identify such comorbidity. Rates were relatively similar using prior outpatient diagnoses or mental health clinic visits but were substantially lower using inpatient secondary diagnosis codes. Second, the agreement between the different approaches was only fair to moderate; agreement was highest between prior outpatient diagnosis codes and mental health visits. Third and perhaps most important, the risk of hospital death varied depending on the method of identifying psychiatric comorbidity. Thus, the method of identifying psychiatric comorbidity substantially affected the prognostic impact. These findings suggest that different diagnostic approaches likely identify individuals with different types of psychiatric comorbidity and different illness constructs.
In interpreting our findings, several explanations are possible. First, the findings of lower mortality for patients with secondary diagnoses of psychiatric comorbidity may indicate that these codes are a marker for lower unmeasured severity. Because the number of secondary diagnoses in discharge abstracts is limited, medical record coding may be more likely to include a psychiatric comorbidity in patients with less complicated hospital courses. This explanation may also underlie the lower mortality in some studies for patients with secondary diagnoses of hypertension and diabetes. 16, 17 Indeed, in the current analysis, patients with psychiatric comorbidity from inpatient codes had the lowest predicted mortality (Table 2 )-supporting the hypothesis that secondary inpatient codes may serve as a marker for lower severity. Moreover, some prior studies have also demonstrated that patients with psychiatric comorbidity identified by secondary inpatient codes had lower mean predicted risk of mortality. 7, 9 Second, it is possible that the lower mortality in patients with psychiatric secondary diagnoses may be due to greater vigilance by providers or greater likelihood to admit lower severity patients with psychiatric comorbidities. Third, the 6.5 (7.1) 9.5 (10.5) 7.7 (9.4) 9.8 (10.5) 7.4 (9.4) 9.8 (10.5) *Differences mean ages, laboratory scores, and predicted risks of death for patients with and without psychiatric comorbidity were significant (P<.001) for each of the methods of identifying psychiatric comorbidity for both pneumonia and CHF lower mortality may reflect lower utilization of invasive diagnostic or therapeutic modalities. For example, 2 prior studies of acute myocardial infarction (AMI) found that patients with psychiatric secondary diagnoses were less likely to undergo coronary revascularization, 9,20 which may be associated with worse hospital outcomes but better long-term outcomes. 18 In contrast, a study of general medical and surgical inpatients 4 found that patients with an inpatient diagnosis code of schizophrenia (0.2% of the sample) had a 2-to 2.5-fold higher risk of several adverse events (e.g., postoperative sepsis, iatrogenic infections).
Other studies of patients with ischemic heart disease provide further evidence of the potential impact of different diagnostic methods. In contrast to the findings noted above 9, 20 of lower use of coronary revascularization in patients with inpatient psychiatric codes, Jones and Carney 19 examined privately insured patients with AMI in a single state and found that patients with psychiatric diagnoses captured before or during hospitalization or within 30 days after discharge had similar rates of coronary revascularization. However, in an analysis of VA patients with AMI during 1994-1995, Petersen et al. 20 found that patients identified by prior psychiatric admissions, secondary inpatient codes, or mental health provider visits had lower rates of coronary angiography and revascularization but had similar 30-day mortality and were equally likely to receive indicated medications. Nonetheless, the latter finding contrasts with the study by Druss et al., 9 who found that psychiatric patients identified by inpatient secondary diagnosis inpatient codes were less likely to receive indicated medications after AMI. A final analysis by Young and Foster 8 of patients with acute coronary syndromes found that in-hospital mortality was 21% lower in patients with psychiatric secondary diagnosis codes in among patients 65 years and older but was higher for patients with schizophrenia and substance abuse diagnoses who were less than 65. Whereas the inconsistent findings across prior studies may reflect differences in patient characteristics (e.g., age, type of health insurance), it is also likely that the inconsistencies may reflect the different methods used to identify psychiatric comorbidity. Consistent with our findings, rates of identifying psychiatric comorbidity varied widely in these earlier studies depending on the methods employed, varying from roughly 5% using inpatient codes [7] [8] [9] to 40% using outpatient codes. 19 Thus, our findings build on prior studies and represent the first analysis to directly compare the differences in rates of identification and in prognostic impact of psychiatric comorbidity in the same patient population. Several limitations should be discussed. First, mental illnesses often go unrecognized 21 and inpatient and outpatient diagnoses from claims data may underestimate the prevalence of such conditions. Second, the sensitivity and specificity of ICD-9-CM codes in administrative databases may vary across individual diagnosis. 22 Nevertheless, numerous prior studies have used administrative data to measure quality 23, 24 including several VA studies. [25] [26] [27] Moreover, in a comparison of statistical models based on administrative data and clinical data from medical records, Krakauer et al. 28 found that administrative data are satisfactory for characterizing variations in hospital mortality rates, whereas Ash et al. 29 concluded that prediction models based on claims data can be accurate. Additionally, our inclusion of a laboratory-based measure addresses some of the limitations of administrative data regarding unmeasured severity of illness. 30, 31 Third, it is important to acknowledge that methods we used to identify psychiatric comorbidity may identify constructs of psychiatric disease that vary with respect to disease severity or spectrum (e.g., acute, chronic, newly diagnosed illness). Such constructs may, in turn, have different associations with hospital mortality either directly or indirectly through their influence on health care delivery. Differences in findings across prior studies may, in fact, reflect the differences in disease constructs identified by these studies.
Fourth, our use of mental health visits may identify a heterogeneous group of patients and may not capture patients with ongoing illness. These concerns may also be true for diagnosis codes captured on encounter data.
Despite these limitations, this study has several implications for research and practice. First, the study highlights the limitations of using secondary psychiatric diagnoses from inpatient codes to identify patients. Second, the study highlights that assessing the care delivered to patients with psychiatric illnesses using claims data may require the triangulation of multiple methodological approaches, given that different approaches may identify different disease constructs. Lastly, the findings are reassuring that patients with psychiatric illnesses do not appear to be at increased risk of adverse hospital outcomes for 2 common causes of hospitalization within the VA system. However, given the robust 32 and the VA's integrated electronic medical record, our findings should be replicated in other settings.
In conclusion, as the recognition of psychiatric illnesses improves through better screening approaches and public awareness, the monitoring of outcomes in such populations will become increasingly important. This is particularly true for the increasing number of veterans and nonveterans being diagnosed with serious mental illnesses, such as PTSD. The current findings suggest that additional research in determining sensitive and specific methods of identifying such patients, using existing data sources, is warranted.
